It is widely accepted and taught that the accidental placement of a tracheal tube in the oesophagus can be readily detected if it is looked for, though it is recognised that death from this cause occurs from time to time. Evidence is now presented of instances where anaesthetists have been misled by a range of tests which are commonly used to check the correct placement of a tracheal tube. An explanation is offered for this unexpected finding, and some recommendations are formulated to improve patient safety.
SUMMARY
It is widely accepted and taught that the accidental placement of a tracheal tube in the oesophagus can be readily detected if it is looked for, though it is recognised that death from this cause occurs from time to time. Evidence is now presented of instances where anaesthetists have been misled by a range of tests which are commonly used to check the correct placement of a tracheal tube. An explanation is offered for this unexpected finding, and some recommendations are formulated to improve patient safety.
Key Words: COMPLICATIONS, tubes, endotracheal; INTUBATION, endotracheal, complications. A tracheal tube can be placed accidentally in the oesophagus, even by experienced anaesthetists. This is more common in inexperienced hands and may be associated with haste, poor lighting or anatomical abnormality. In addition, the advancing tube may obstruct the anaesthetist's view, or there may be loss of a sense of depth with monocular vision or acute angulation of the airway from pharynx to larynx.
On each occasion, therefore, the position of the tube needs to be checked. There is a large number of tests available to do this, and although there may be some disagreement about their relative merits, they are considered adequate to detect misplacement in the oesophagus. In a recent review of anaesthetic mishaps,l it was found that the pre-eminent faults in technique were concerned with tracheal intubation and these usually involved accidental oesophageal intubation. Of 277 deaths in an 8 year period, 37 had resulted from such accidents, and a further 13 patients had suffered cerebral damage.
Following a death from this cause which had gained widespread publicity, discussions with colleagues produced a number of relevant case histories which indicate that conventional practices are defective in some respects and that this has a lethal potential. Some of these histories are outlined below.
CASE HISTORIES Case 1
A middle-aged man in whom difficult intubation was anticipated was anaesthetised following lengthy pre-oxygenation. A tracheal tube was inserted with difficulty, but the vocal cords were not visualised. Apparently normal chest movement, breath sounds and a normal feel of the rebreathing bag assured the anaesthetist, a fourth year trainee, that the tube was in the trachea. The surgical incision was made about 15 minutes later, and the blood was seen to be dark, though cyanosis had not been observed. Misplacement of the tracheal tube was suspected, but laryngoscopy was not helpful because of the original anatomical difficulty.
The tube was removed and the patient soon became pink on inflation with a face mask. The second attempt at tracheal intubation was successful. No regurgitant gas from the oes<?phagus had been heard.
Case 2
A middle-aged woman with a history of cardiac disease was anaesthetised by a trainee anaesthetist. Treacheal intubation was unexpectedly difficult but was thought to be successful though the vocal cords were not seen. The trainee and a specialist anaesthetist verified the placement by feel of the rebreathing bag, absence of gas escaping from the oesophagus, listening for breath sounds and watching chest expansion. The patient soon became cyanosed, but, following verification of the above signs, this was thought to be due to a cardiac cause.
Cardiac arrest occurred, and soon after, the misplacement of the tube in the oesophagus was discovered. Though resuscitation was successful in the short term, the patient had incurred irreversible brain damage.
Case 3
A thin young woman presented as an abdominal emergency to be anaesthetised by a specialist anaesthetist. She was pre-oxygenated and intubated without difficulty with the aid of cricoid pressure. The feel of the rebreathing bag and chest expansion were considered normal and the patient was attached to a mechanical ventilator which functioned normally.
As the blood was dark on incision, though cyanosis was not apparent, manual inflation was resumed and the following signs were elicited: normal feel of the bag, chest expansion normal by sight and palpation, no escape of gas from the oesophagus, normal breath sounds, and a non-distending epigastrium. Cardiac arrest occurred at the same time as tube misplacement was diagnosed by laryngoscopy. Resuscitation and correct placement of the tracheal tube were carried out but irreversible brain damage had occurred.
Case 4
Intubation was performed with apparent ease by a resident medical officer in the presence of a specialist anaesthetist who was suspicious of a misplacement. He was reassured by the normal feel of the bag, breath sounds over both sides of the chest, normal chest expansion, no sound of gas escaping from the oesophagus. When the patient was connected to a mechanical ventilator, it functioned normally. Cyanosis ensued, and on listening over the epigastrium with a stethoscope, gas was heard entering the stomach. The tracheal tube was withdrawn and, following oxygenation, placed in the trachea, without further incident.
DISCUSSION
The common feature shown by all these case histories is that experienced anaesthetists were misled by tests which are generally considered to be reliable in detecting misplacement of a tracheal tube. In two of them, this caused such delay as to result in the patient's death, though the error had been discovered.
It is not possible to say whether there were subtle or even gross differences between the signs elicited when the tube was in the oesophagus compared with what would have been expected had the tube been in the trachea. The fact is that fully trained anaesthetists were involved on 3 of the 4 occasions, and on one occasion, there were four observers who came to the same, albeit wrong, conclusion.
Procedures to check the position of a tracheal tube include:
A. Commonly Used: 1. The actual sighting of the tube passing through the glottis. If really seen, this should be conclusive. 2. The characteristic feel in the rebreathing bag associated with normal lung compliance on inflation, together with the characteristic feel with which the rebreathing bag refills following manual inflation. Anaesthetists place great reliance on this test, but as the case histories show, it can be misleading. 3. The hearing of what are taken to be normal breath sounds over the lung fields while compressing the rebreathing bag. Under these circumstances, the gas volumes, flows, and distribution are not the same as with physiological respiration. Flows are faster through tubular structures, volumes are usually higher and distribution is variable. Breath sounds are now more predominantly bronchial, and there may be differences between those at the midline and those over the lateral chest wall. Perhaps for these reasons, sounds heard with the tube in the oesophagus have been mistaken for breath sounds. 4. Visual and possibly manual confirmation of characteristic bilateral chest movement on inflation. This has been thought to be a reliable test, but chest movement sufficiently like normal movement to be deceptive was a feature of all the cases cited above.
Listening for the characteristic sound of gas
Anaesthesia and Intensive Care, Vol. VIII, No. 2, Ma.'I< '. 1980 escaping around the tube in the oesophagus. This test has also failed. 6. Though not a specific test of misplacement, the persistence of appropriate vital signs such as colour, pulse and blood pressure following intubation will corroborate correct placement. In one of the cases, a period of nearly 15 minutes elapsed before cyanosis was confirmed following thorough preoxygenation. It should be noted that the electrocardiograph is not likely to be helpful in this situation, except possibly as an index of heart rate.
B. Less Commonly Used: 7. Pressing sharply on the sternum while listening over the open end of the tube to detect a characteristic feel and sound of expelled air. Though regarded as reliable by some, this test is mistrusted by others for a variety of reasons such as (a) inability to distinguish air passing up the tube (when in the trachea) from air passing up beside the tube (when in the oesophagus) (b) inability to distinguish from air being expelled via the nose and (c) inability to distinguish from air which may have lodged in the oesophagus during inflation prior to intubation. The first two of these objections may be avoided by eliciting the sign after connecting the adaptor to the tube. 8. Listening over the stomach with a stethoscope to detect air entry into the stomach. Discussion and observation would suggest that this is not widely applied except perhaps as a last resort, but no instance is known when this test was misleading when looked for. This should not be taken to mean that it could not mislead. 9. Inspection of the epigastrium to detect increasing filling of the stomach with gas. This test failed even in a thin patient. 10. Re-inspection of the pharynx and larynx with a laryngoscope. Since misplacement in the first instance is often associated with great difficulty in laryngoscopy, this may be now even more difficult with an endotracheal tube in position, and for this reason in one of the reported cases this test was not helpful. 11. Listening with a stethoscope over the trachea for gas movement. 12. Feeling with fingers on each side of the trachea while moving the endotracheal tube to detect movement of the inflated cuff.
Anaesthesia and Intensive Care. Vol. VIII, No. 2. May, 1980 Possible mechanisms to explain why misleading information can be obtained when the tracheal tube is in the oesophagus include: a. intermittent distension of the oesophagus with a closed cardio-oesophageal sphincter, b. intermittent distension of the stomach, with an open cardio-oesophageal sphincter, c. intermittent distension of both oesophagus and stomach with an open cardio-oesophageal sphincter, Robinson 2 reported a small investigation on spontaneously breathing patients in which he showed that the generation of large intrathoracic pressures could be transmitted to the oesophagus in the presence of total airway occlusion. He had passed two tracheal tubes, one into the oesophagus for observations and the other into the trachea for oxygenation and then capped. He measured "tidal volumes" of up to 180 ml into the oesphagus with vigorous respiratory effort.
In all our reported cases, the patients had been paralysed and ventilated, either manually or mechanically. To the authors' knowledge, no study of the possibility of intermittently inflating the oesophagus under these circumstances has been reported.
Nor could the authors devise a test in a living patient to establish possible underlying mechanisms, which did not have the risk of oesophageal damage. Accordingly, the cadaver of a recently deceased man was studied before rigor mortis had commenced. A cuffed endotracheal tube attached to an inflating bag was inserted into the oesophagus. The chest and epigastric movements observed when the bag was compressed were indistinguishable from those normally seen in ventilation of the lungs even in the upper chest area. Typical sounds of air reflux could be elicited when the cuff was positioned some distance below the cricoid cartilage, but these ceased when the cuff was pulled upward close to the cartilage.
Progressive dissection of the body starting at the epigastrium demonstrated that the stomach was being inflated and was spontaneously deflating via the oesophagus, the feel of the inflating bag being indistinguishable from normal pulmonary ventilation. When the lower end of the oesophagus was occluded ventilation with a smaller volume of air was still possible but felt markedly less compliant. At this stage chest movements still appeared identical to those seen when the lungs are inflated. When the chest was entered it was seen that with each inflation the chest movements were caused by the flat oesophagus distending into a firm tube which lifted the heart and upper mediastinal structures forward, thus elevating the sternum and ribs. Although the use of a cadaver may be criticised, this experiment at least demonstrates that it is possible that oesophageal ventilation may mimic the chest and epigastric movements seen in tracheal ventilation, and suggests reasons for these movements.
In the vast majority of patients the usual signs easily distinguish between oesophageal and tracheal intubation. In a small minority of patients, however, some signs can so closely resemble those of correct tracheal placement that they can deceive even a careful experienced anaesthetist.
We recommend that the common checking procedures of listening over the lung fields for breath sounds, watching the chest for normal expansion, listening for the escape of gas from the upper end of the oesophagus and relying on the feel of the rebreathing bag be recognised and taught as being unreliable.
Definite visualisation of the tube entering the larynx or checking with further direct laryngoscopy are the only sure indices of correct placement. Any signs of hypoxia developing within 15-20 minutes following intubation must be regarded as due to accidental intubation of the oesophagus, until positively disproved.
